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DETAILED ACTION 
Information Disclosure Statement 

1 . Provisional documents directed to Wang et al., Yao et al., and both international 
searched reports were considered but lined through because they are not prior art 
references available to the public and will be excluded from the patent if it would happen 
to issue. 

Claim Rejections - 35 USC § 102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351(a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 

3. Claims 1-4, 7-8, 13-15, and 17-18 are rejected under 35 U.S.C. 102(e) as being 
anticipated by Reid et al. (6,793,796). 

Regarding claim 1 and 2, Reid et al. teaches electroplating with a first current 
density in the range of 0.2-5 mA/cm2 during an initiation phase prior to recessed 
features being filled providing for a thin continuous conducting surface extending over 
the field and recessed regions of the substrate (col. 5 lines 45-67 and col. 6 lines 1-16). 
Reid et al further teaches a bottom up filling phase where trenches and vias are 
substantially filled from the bottom of the feature upwards using current densities 
ranging from about 0.2-5 mA/cm2 specifically, 3 mA/cm2 (example 2) and gradually 
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increasing over time to about 4-45 mA/cm2 specifically, 10 mA/cm2 (example 2) until all 
the recessed features have aspect ratios of less than about 0.5 (aspect ratios of less 
than 0.5 would encompass features with aspect ratios of 0 or essentially planar, col. 6 
lines 18-34 and col. 6 lines 55-61, see also figure 1). 

Regarding claim 3, Reid et al teaches the current density during the initiation 
phase or first current density can be constant (col. 5 lines 66-67). 

Regarding claim 4, Reid et al. teaches the current density during the initiation 
phase or first current density can be ramped or increase (col. 5 lines 62-67, col. 6 lines 
1-4). 

Regarding claim 7, Reid et al. teaches applying a first current density during an 
initiation phase, which can be pulsed implying the increase and decreasing of the 
current (col. 5 lines 66-67 and col. 6 lines 1-6). 

Regarding claim 8, Reid et al. teaches electroplating with a second current 
density during a bottom up filling phase at a constant rate of 10 mA/cm2 for 30 seconds 
(col. 8 lines 43-44). 

Regarding claim 1 3, Reid et al. teaches electroplating onto a surface having 
features with a range of different aspect ratios/densities (col. 2 lines 51-53). Reid et al. 
further teaches a bottom up filling phase filling recesses with high aspect ratios until all 
recesses have about an aspect ratio of 0.5 or less, encompassing planarized recesses 
or aspect ratios of 0 (col. 6 lines 18-34 and col. 6 lines 55-61). Reid et al. finally teaches 
a low aspect ratio filling phases where all recesses having high aspect ratios have been 
either filled converted to a low aspect ratio and essentially a final layer of metal is 
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deposited over the filled and unfilled recesses on the order of a 0.7-14 micrometers (col. 
6 lines 55-61 and col. 7 lines 1-2, See also for example figure 1 for recesses having 
multiple densities as well as table 3 and 4). 

Regarding claim 14, Reid et al. further discloses a final stage in plating of the 
wafer called the low aspect ratio filling phase, which in order to maximize throughput 
during processing the maximum possible current is applied usually on the range of 15- 
75 mA/cm2, typically from about 20-50 mA/cm2, and most typically from about 25-40 
mA/cm2 (col. 6 lines 63-68 and col. 7 lines 1-8, see example one showing three 
increasing current steps being applied). Reid et al. further teaches multiple recesses of 
different sizes being plated (col. 2 lines 51-53 and table 3 and 4). Reid et al. further 
discloses the third current density or low aspect ratio begins when features have either 
been converted to low aspect ratios or have been filled showing the realization that one 
or multiple recesses of increasing density/size can be filled during the onset of the third 
current range/low aspect ratio filling phase (col. 6 lines 63-67 and col. 7 lines 1-9). 

Regarding claim 15, Reid et al. teaches the electrolyte fluid containing an 
accelerator, suppressor, and leveler (col. 4 lines 7-9). 

Regarding claim 17, Reid et al. teaches controlling the grain size of the metal 
layer with additives in the electrolyte fluid (col. 4 lines 13-17). 

Regarding claim 18, Reid et al. teaches additives including a brightener and 
accelerator (col. 4 lines 10-25). 
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micrometers for the width between recesses [14,16] (figure 1, table 3 and 4). In the case 

where the claimed ranges "overlap or lie inside ranges disclosed by the prior art" a 

prima facie case of obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90 

(CCPA 1976); In re Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990) 

6. Claim 1 1 is rejected under 35 U.S.C. 103(a) as being unpatentable over Reid et 

al (6,793,796) as applied to claim 1 above, and further in view of Mayer et al. 

(6,946,065). 

Reid et al. teaches all the elements of claim 1 and a second current density 
range (col. 6 lines 18-35) but fails to disclose: decreasing the current density. 

Mayer et al. is directed toward electroplating metal into microscopic recessed 
features using a bottom up-filling method to prevent the introduction of voids formed in 
the plated layer (abstract). Mayer et al. teaches the current being applied to a wafer 
during deposition is generally selected based on feature density as well as the aspect 
ratio of the feature sizes and will vary considerably from case to case, wafer type to 
wafer type depending on the characteristics of the features present (col. 3 lines 22-42). 
Mayer et al. further teaches that applied current relates to the consumption of the 
additives present in the electrolyte and ultimately the rate at which ions were deposited 
onto the substrate (col. 17 lines 1 3-41 ). Mayer et al. further teaches applied current 
effects the rate at which additives are used and that applying a substantially small 
current depletes recesses having large aspect ratios thus allowing for a controlled 
deposition in these areas initially (col. 17 lines 13-41) 
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Claim Rejections - 35 USC § 103 

4. Claims 5-6, 9-10, and 12 are rejected under 35 U.S.C. 102(e) as anticipated by 
or, in the alternative, under 35 U.S.C. 103(a) as obvious over Reid et al. (6,793,796). 

Regarding claim 5 and 6, Reid et al. teaches ramping the current during the 
initiation phase or first current density. It is either inherent that the increase is linear or 
nonlinear to choose such an increase as the increase must be one of linear or non- 
linear. Ramping such a current during the entire initiation phase would allow for a linear 
increase in current (col. 5 lines 62-65). Reid et al teaches ramping the current density 
during the end of the initiation phase providing for a constant initial current than 
gradually increasing it at the end of the phase, which would thus provide for a non-linear 
profile (col. 5 lines 62-65). 

Regarding claim 9 and 10, Reid et al. teaches electroplating using a second 
current density during a bottom up filling phase increasing over a period of time and 
discussing a set pattern for the increase implying a non-linear increase (col. 6 lines 55- 
61 ). It is either inherent that the increase is linear or nonlinear to choose such an 
increase as the increase must be one of linear or non-linear. 

Regarding claim 12, Reid et al. teaches electroplating a metal onto a surface with 
recessed features with a having a range between 0.15 micro-meters to 1.7 micro- 
meters (col. 2 lines 51-53, figure 1 , and table 3 and 4). Reid et al. further teaches 
spacing of about 0.45 micrometer based on the width between recess [14] and recess 
[16] being three times the width of recess [14] and applying the minimum feature size 
given in table 3 and 4 (0.15 micrometers) one can arrive at a value of around 0.45 



Application/Control Number: 1 0/51 0,656 Page 7 

Art Unit: 1753 

It would have been obvious to decrease the current during electroplating of a 
metal layer onto substrate because current applied during electroplating is a result 
effective variable capable of optimization. One having ordinary skill in the art at the time 
the invention was made would know to increase or decrease the current based on the 
teachings of Mayer et al. and apply it to the three step plating method taught by Reid et 
al. depending on how fast the deposition rate needed to be and further based upon the 
feature sizes and densities (MPEP 2144.05 optimization of ranges). 

5. • Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over Reid et 
al. (6,793,796). 

Regarding claim 12, Reid et al. teaches electroplating a metal onto a surface with 
recessed features with a having a range between 0.15 micro-meters to 1.7 micro- 
meters (col. 2 lines 51-53, figure 1, and table 3 and 4). Reid et al. further teaches 
spacing of about 0.45 micrometer based on the width between recess [14] and recess 
[16] being three times the width of recess [14] and applying the minimum feature size 
given in table 3 and 4 (0.15 micrometers) one can arrive at a value of around 0.45 
micrometers for the width between recesses [14,16] (figure 1, table 3 and 4). 

6. Claim 16 is rejected under 35 U.S.C. 103(a) as being unpatentable over Reid et 
al. (6,793,796). 

Regarding claim 16, Reid et al. teaches a leveler having a concentration of 0.5-8 
ml/I, an accelerator concentration 0.5-8 ml/I, and a suppressor concentration of 1-6 ml/l. 
Reid et al. fails to disclose a suppressor concentration within the range of 7-9 ml/l. 
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Reid et al. however does teach pitting observed on the wafer surface is 
dependent upon the concentration of the suppressing agent, its molecular weight, and 
whether it is hydrophobic or hydrophilic (table 6, col. 9 lines 45-48 and col. 10 lines 55- 
61). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to adjust the concentration level of the suppressor to a desired 
ranged based on observed pitting in the wafer and one having ordinary skill would know 
to adjust the concentration in such a way to minimize pitting on the plated surface 
(MPEP 2144.05 optimization of ranges). 

7. Claims 19 and 20 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Reid et al. (6,793,796) as applied to claim 1 above, and further in view of Basol et 
al. (6,610,190). 

Regarding claim 19 and 20, Reid et al teaches all the elements of claim 1 
mentioned above but fails to disclose: rotating the semiconductor structure with a 
rotation speed of 50-200 RPM or specifically 125 RPM. 

Basol et al. is directed toward depositing a material onto the surface of semi- 
conductor wafer (abstract). Basol et al. teaches rotating a wafer at a speed of 1-250 rpm 
(col. 13 lines 15-16). Basol et al. teaches that by rotating the wafer, non-uniformities in 
• the deposited later can be minimized allowing for a more uniform coating (col. 13 lines 
24-26). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to rotate the wafer as done by Basol et al. and use it in the 
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electroplating method discussed by Reid et al. as it would allow for a much more 
uniform coating later to be deposited onto the seed layer. 

Conclusion 

8. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Dubin (2002/0074234, 6,432,8221, and 6,893,550) and Basbl 
(6,858,121). 

9. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jeff Yakulis whose telephone number is 571-272-9807. 
The examiner can normally be reached on M-F 9:00 AM-6:30 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Alexa Neckel can be reached on 571-272-1446. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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